Objectives. We determined whether participation in Healthy Babies Healthy Start (HBHS), a maternal health program emphasizing racial equity and delivering services through case management home visitation, was associated with improved birth outcomes for Black women relative to White women.
Over the past several decades, as overall infant mortality has declined in the United States, the gap between Blacks and Whites has remained significant, with Black infants dying at 2.2 times the rate of White infants (11.6 and 5.2 infant deaths/1000 live births, respectively). 1---3 In addition to congenital malformations, the leading proximal causes of infant mortality are preterm delivery, low birth weight, and sudden unexplained infant death. 4 Less is known about the distal steps in this pathway (e.g., what causes preterm delivery, low birth weight, and sudden unexplained infant death), but the weight of evidence has pointed to nonclinical determinants: sociopolitical inequities that lead to chronic stress and poorer health among Blacks, 5---7 coupled with discrimination in delivery of health care services and underutilization of health care resources by Blacks. 8---11 Moreover, perceived racism has been implicated in maladaptive coping behaviors that add to perinatal risk, including smoking, unhealthy eating, and lack of exercise. 12---15 Finally, poverty, which brings its own social inequities, is more prevalent among Blacks. 16, 17 In sum, substantial evidence exists that stress affects health and birth outcomes through multiple biopsychosocial pathways and that the stress associated with racism contributes to the Black---White disparity in birth outcomes.
Growing evidence of the scope and nature of racial disparities led the Institute of Medicine to call for comprehensive, multipronged approaches targeting patients, providers, and health care systems to increase access and quality of care and to improve the cultural competency of health systems at the community level. 18 Healthy Start, initiated in 1991, is one of the first national programs to adopt racial disparity reduction as one of its primary goals. 19, 20 The Healthy Start intervention strategies are multilevel: providing home visitation services to high-risk women, educating providers and the wider community on perinatal health---related issues, and identifying institutional barriers and promoting crosssystems collaboration to improve the existing health infrastructure. 19 Recognizing that health disparities vary widely from community to community, 10 Healthy Start promotes grassroots, community-based program development. 19 The Kalamazoo, Michigan, Healthy Babies Healthy Start (HBHS) program has developed a case management approach to home visitation. With the goal of facilitating communication and strengthening ties between community residents and health care institutions, HBHS hires community residents as case managers and places them in perinatal clinic settings. The Kalamazoo HBHS case managers are paraprofessionals trained in a social work framework for service provision. Case management is supported by HBHS health educators who use multiple strategies, including conducting classes for case-managed participants and community members and coordinating the HBHS consortium to foster problem-solving dialogue among casemanaged participants, community members, agency representatives, and health care providers.
Using a grassroots approach means that HBHS case managers attempt to meet women where they are in terms of their health-related knowledge, behaviors, and needs and escort them through the remainder of the pregnancy while providing support, information, and improved access to various clinical and community resources. 19 On the basis of current reasoning regarding racial disparities 18 and the potential benefits of case management, if poor Black women are more disenfranchised than poor White women within the existing health care structure, this approach should offer differential benefit to Black women. The purpose of this study was to determine whether HBHS participation was differentially associated with improved birth outcomes for Black women compared with White women, as indicated by gestational age and birth weight. We expected that study findings would provide important information on the potential value of community-based, multipronged approaches that inform efforts to improve birth outcomes for Black women and infants.
METHODS
The study was quasi-experimental, with a matched-comparison posttest-only design. The intervention was participation in the HBHS program during pregnancy, and we selected the comparison group using propensity score matching. Study data were generated through secondary analysis of state-and county-level birth certificate administrative records, spanning the years 2008 to 2010.
Study Population and Sample
As shown in Figure 1 , the study sampling frame was the population of 9336 women who were residents of Kalamazoo County when they gave birth during the years 2008 to 2010. We further stratified the study sample into 2 racial categories, Black and White. We based racial categorization on the bridged race variable found in the birth records, 21 which originated from women's self-report of race on their infant's birth certificate. Within the birth records data set, Hispanic ethnicity is an independent variable that crosses all racial categories. The HBHS intervention group consisted of women enrolled in HBHS case management during pregnancy and at the time of delivery. One hundred forty-seven women met these criteria: 95 Black and 52 White. As illustrated in Figure 1 , eligibility criteria for the final comparison sample groups was a single-gestation delivery.
Propensity score matching can be an effective technique for minimizing self-selection treatment bias in observational studies such as ours. 22 We completed the following set of matching procedures separately for each of the 2 racial categories.
To begin with, we compared HBHS enrollees with nonenrollees on demographic and prepregnancy characteristics, including Hispanic ethnicity, whether adolescent or not, marital status, insurance status, educational level, obstetric history, chronic disease status, body mass index (BMI; defined as weight in kilograms divided by the square of height in meters), and whether prenatal care was initiated in the first trimester. We then entered characteristics that were statistically different at the P £ .05 level into a logistic regression model. The regression produced a propensity score variable whose values represented each individual's probability of participating in HBHS on the basis of the model predictors. The 2 models generating propensity scores for Black and White women were the same, except that the model for White women included Hispanic ethnicity; thus, women in the White comparison group had the same prevalence of Hispanic ethnicity as women in the White HBHS group. Because of the large sample sizes of non-HBHS participants (n = 7122 White nonparticipants and n = 1648 Black nonparticipants), we found an exact match for each of the 147 HBHS participants (i.e., they had the same propensity score). When multiple matches were available, we selected the non-HBHS comparison match randomly.
Setting
Kalamazoo County, the setting for this study, has a history of high Black infant mortality rate (18.7/1000 live births among Black women from 2006---2010) and high racial disparity (Black to White infant mortality rate ratio of 3.5 from 2006---2010). 23 The racial disparity in infant mortality in this community is substantially higher than that in the state of Michigan (2.7) and the nation (2.2). 24 The high Black infant mortality rates and high Black---White disparity were the impetus for initiating the Healthy Start program in 1997.
Kalamazoo Healthy Babies Healthy Start
Kalamazoo HBHS case management services are offered to any pregnant woman residing within a targeted 3 zip-code area who is in her first or second trimester. Participants typically have household incomes below the federal poverty level, as defined by the US Department of Health and Human Services within each program year. 25 Because most participants are recruited in obstetric clinics, the vast majority of them (90.0%) are enrolled after their first prenatal care appointment. Enrolled participants have monthly face-to-face contact with case managers, undergo comprehensive biopsychosocial assessments, are referred to community resources as needed, receive education and counseling on maternal and infant health issues, and receive ongoing support in accessing prenatal care. Case managers develop care plans tailored to the individual, in concert with the participant and her provider. As part of the health care team, HBHS case managers participate in weekly case review meetings, work with providers to achieve health care goals, and have access to medical records for tracking progress.
Measures
With the exception of HBHS participation, all measures were contained within the birth Black HBHS, n = 89 vs Table 1   Table 2   Table 3 2008, n = 3151
Multiple, n = 66
Note. HBHS = Healthy Babies Healthy Start. a Other race was defined as American Indian, Asian, Pacific Islander, or Other.
records administrative data set. The 2 outcome measures in this study were gestational age and birth weight, the leading predictors of infant mortality in Kalamazoo County. Gestational age was a continuous, interval-level variable, with number of weeks as the unit of analysis. Birth weight was also a continuous, intervallevel variable, with grams as the unit of analysis. Because multiple operationalizations of birth outcomes have been shown to reflect different dimensions of perinatal health, 26, 27 birth outcomes were measured by indicator (gestational age and birth weight) and by scale (continuous and dichotomous): premature (< 37 weeks gestation) or not and low birth weight (< 2500 g) or not. The primary study predictor was a dichotomous variable representing HBHS program participation. HBHS participants were identified within the birth records data set by matching their name, date of birth, and date of delivery (obtained from HBHS administrative records) to the birth certificate database.
Covariates included demographics (adolescent or not, Hispanic ethnicity, marital status, insurance status, level of education), obstetric history (paragravida, prior poor birth outcomes), prepregnancy health conditions (hypertension, diabetes, BMI), prenatal health conditions (gestational hypertension, gestational diabetes, prenatal weight gain), prenatal health care (prenatal care in first trimester, Kessner Index of prenatal care), and prenatal health behavior risks (prenatal smoking, prenatal alcohol use). These variables were dichotomous, with 3 exceptions: The Kessner Index variable (with 3 levels, inadequate, intermediate, and adequate) 28 is a measure of prenatal care that incorporates whether care was initiated in the first trimester and adjusts for the timing and quantity of visits throughout pregnancy. Maternal prepregnancy BMI was categorized as underweight, normal weight, overweight, and obese, according to the World Health Organization classification criteria. 29 Finally, the prenatal weight gain variable had 3 categories, not enough, adequate, and too much, and was calculated using Institute of Medicine guidelines, which take into account prepregnancy BMI and gestational age at delivery. 30
Analysis
We calculated frequencies summarizing Kalamazoo County and Michigan birth characteristics. For analytical purposes, we divided covariates into those unrelated to HBHS participation, such as marital status and prepregnancy diabetes, and those potentially influenced by HBHS participation, such as prenatal weight gain and adequacy of prenatal care. After stratifying for race, we conducted statistical comparisons between HBHS participants and all nonparticipants regarding unrelated covariates using the Pearson v 2 test. We used the Fisher exact test when cell counts were expected to drop below 5. HBHS-related covariates were compared between participants and their matched non-HBHS counterparts, stratified by race, using the McNemar nonparametric statistical test for related samples. We performed a statistical test of differences in birth outcomes between participants and their non-HBHS matches using repeated-measures generalized linear model testing. We conducted all tests with 2-tailed significance and set significance levels at P £ .05. All data analyses were completed using SPSS version 19.0 (IBM, Armonk, NY). Table 1 , the maternal health and infant birth profile of Kalamazoo County represents that of the state as well as the nation. The racial distribution, adolescent pregnancy rate, marriage rate, health indicators, and birth outcomes are typical, as are the socioeconomic indicators of insurance status and educational level. The only areas in which Kalamazoo County stands out are its smaller Hispanic population (5.9% compared with 23.6% nationally) and a gestational diabetes rate that is twice as high as that of either the state or the nation (10.6% in Kalamazoo vs 4.4% in Michigan and 5.1% nationally).
RESULTS
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Over the 3-year study period, 9336 women delivered live infants while residing in Kalamazoo County. Of these, 1743 self-reported their race as Black on their infant's birth record form and 7174 reported their race as White. The race-stratified comparison groups shown in Table 2 demonstrate the disproportionate program participation of Black women relative to their representation in the larger population; they made up 65% of the HBHS sample (95/147 HBHS participants) yet only 18.7% of the total population for the same time period (1743 of the total population of 9336).
Among Black women delivering babies during the study period, those who enrolled in HBHS were significantly more likely than other Black women to be adolescent, unmarried, on Medicaid insurance, and either currently in high school or to have dropped out of high school. Among White women, HBHS participants were 6 times more likely to be Hispanic. Just as with Black HBHS participants, White participants, compared with their nonparticipant White counterparts, were more likely to be adolescent, unmarried, on Medicaid insurance, and without a high school degree. Within each racial category, the differences we have noted constituted the factors on which participants were matched.
Regardless of race, participants and nonparticipants had similar health histories, both obstetric history (being primagravida and having had a prior pregnancy that resulted in stillbirth, low birth weight, or intrauterine growth retardation) and general health (having diabetes or hypertension before the current pregnancy and prepregnancy BMI). They also had comparable rates of prenatal care initiation in the first trimester.
Although not the focus of this article, it is notable that Black women in the study were characterized by significantly higher risk factors than White women. They were more likely to be adolescent (19.6% and 7.2%, respectively; P < .001), single (79.1% and 30.2%, respectively; P < .001), without a high school diploma (25.1% and 12.4%, respectively; P < .001), on Medicaid (57.4% and 42.4%, respectively; P < .001), and obese (33.9% and 24.8%, respectively; P < .001). Table 3 illustrates the effectiveness of the matching procedure. As noted previously, we developed the comparison groups for Black and White HBHS participants using nearly the same set of factors (adolescence, marital status, insurance status, and high school graduation), except that the White group was also matched on Hispanic ethnicity. Even though we used the same variables, the importance of matching each racial group separately is clear: Black and White HBHS participants had different configurations of these variables, and each configuration was precisely matched in their respective comparison group. Note that we eliminated 6 Black HBHS births and 2 White HBHS births before matching to remove multiple-gestation pregnancies and their subsequent effect on prenatal health indicators and birth outcomes.
Matched Comparisons of Health Care, Health Behaviors, and Birth Outcomes
Compared with their own matched nonparticipant comparison group, Black HBHS participants were similar on most of the measured prenatal health indicators shown in Table 3 (gestational diabetes and hypertension, sexually transmitted infection, prenatal alcohol consumption, intent to breastfeed). The only statistically significant difference was that Black HBHS participants were nearly twice as likely to smoke prenatally as their matched group (41.6% Black HBHS participants vs 22.5% Black matched nonparticipants; P = .01). Two additional factors, prenatal care and prenatal weight gain, were trending toward significance (i.e., their P values did not meet criteria for statistical significance but, at P £ .1, approached significance). Compared with their matched counterparts, fewer Black participants had inadequate prenatal care (9.0% HBHS vs 19.1% comparison; P = .078), and fewer gained inadequate weight (13.5% HBHS vs 25.0% comparison; P = .1).
Comparisons between White HBHS women and the White nonparticipants matched to them revealed similarity on several of the same measures (gestational diabetes and hypertension, sexually transmitted infection, prenatal alcohol consumption, intention to breastfeed) as well as dissimilarity on prenatal care. As with their Black counterparts, the White participant group was less likely to have inadequate prenatal care (0% HBHS vs 12.0% comparison; P = .031), with the between-groups difference reaching statistical significance. Unlike Black participants and their comparisons, however, White participants and their comparisons did not have different rates of prenatal smoking (34.0% White HBHS participants vs 26.0% White matched nonparticipants; P = .424).
Black HBHS participants had statistically significant higher birth weights, averaging nearly 200 g more than their matched comparison group. When categorized into low birth In a multivariate regression analysis combining all 4 matched groups, we found a significant main effect for race for birth weight (White mean = 3221 g, Black mean 3015 g; b = -324.87; P = .006) and gestation (White mean = 39.4 weeks, Black mean 38.4 weeks; b = -1.45; P = .015) and nonsignificant effects for HBHS participation (birth weight, P = .738; and gestation, P = .639) as well as for the HBHS · race interaction (birth weight, P = .154; and gestation, P = .283).
DISCUSSION
Study results showing significantly improved birth weight for infants of Black HBHS participants but not for infants of White participants suggest that HBHS case management may be differentially beneficial for Black women. After matching and analyzing data for Black and White participants separately to isolate racially variable predictors, we found that Black HBHS participants, despite a rate of prenatal smoking nearly double that of Black nonparticipants (a leading risk factor for poor birth outcomes), 31 delivered infants of significantly higher birth weight than Black nonparticipants, whereas White HBHS participants' birth outcomes were similar to those of their matched White counterparts. The strong negative effect associated with Black race and birth outcomes, seen in the regression models combining the 4 matched groups, highlights the value of a race-stratified analytical approach to detect potential program effects. It also reveals the force of the trend that such a program is working to reverse.
In this study, indicators pointing to possible improvements in amount of prenatal care and prenatal weight gain among Black participants compared with Black nonparticipants (both factors trending toward statistical significance) may be clues to the mechanisms through which HBHS could be having an impact. Prenatal care has certainly been found to be strongly associated with improved birth outcomes, especially among Black women. 32, 33 Increasing the quantity of prenatal care, however, although a positive contributor, is not sufficient in and of itself to increase birth weight or gestational age to the point of eliminating disparities. 34 The inconsistent role of prenatal care in birth outcomes in this study bears this out: The significant increase in birth weight among Black participants' infants was preceded by a moderate, not-quite-significant increase in prenatal care visits, whereas the significant increase in prenatal care among White participants was not followed by better birth outcomes. Alternatively, perhaps the modest improvement in optimal prenatal weight gain among Black HBHS women exerts an inordinate influence on the health of their pregnancies. Certainly, previous studies of this same population have found that prenatal weight gain is a leading predictor of birth outcomes 35 and that weight, in general, has been tied to levels of perceived discrimination. 13, 36 Moreover, existing evidence has revealed that patterns of maternal nutrition and attitudes toward weight gain are deeply embedded within personal habits and cultural norms, 37,38 making them modifiable in the individualized, culturally sensitive approach of HBHS.
The fact that Black HBHS participants demonstrated gains in birth weight but not in gestation could reflect differences between the 2 indicators regarding their operationalization or differences in their underlying etiology. Birth weight and gestational age are common perinatal health indicators, used both individually and together. 39 Methodologically, birth weight tends to be more accurately and more easily measured, and thus more reliable, than gestational age. 26, 40 Etiologically, although birth weight and gestational age often overlap, there are important distinctions between them. Birth weight is actually the end result of 2 separate processes, 1 of which is gestational duration and the other of which is fetal growth rate. 41 Although much is still unknown about the underlying mechanisms of these 2 processes, studies have suggested that race, consistently and strongly correlated to both, may contribute differently to each, either in the strength of its impact or in its causal role. 27, 42, 43 The ultimate goal of public health programs such as Healthy Start is to eliminate health and psychosocial disparities between Blacks and Whites. However, study findings of markedly poorer preprogram differences illustrate how far we are from achieving this goal. As in communities across the nation, pregnant Black women in the Kalamazoo County are, as a group, younger, poorer, less educated, and in worse health than pregnant White women. 44, 45 Programs shown to help Black women with these additional burdens tend to have broad and racially specific foci. 6, 46, 47 These programs focus on enhancing individuals' coping skills (for chronic stress as well as for discrete episodes of racial discrimination), 48---51 empowering them through knowledge and access to resources 52---54 and specifically targeting institutional disparities in diagnosis, treatment, and medical follow-up. 55---59 Programs that exclusively zero in on individual risk factors (such as smoking, substance abuse, depression, or domestic violence), however, have mixed effects on Black birth outcomes. 60---65 Although we do not provide definitive information about the pathways linking specific HBHS services to the improved birth weight of Black participants' infants (especially relative to that of White participants' infants), the HBHS program integrates characteristics that have in other studies shown promise in improving racial disparities. The home visitation format has been linked to increased self-efficacy, relationship building between community and provider, and improved birth outcomes. 66 The multiprovider model advocated by HBHS, combining paraprofessionals and licensed health care providers, can moderate the impact of everyday stress and contribute to personal empowerment. 67, 68 Along these same lines, using liaison health workers from one's own culture and community is associated with a shift in perceived locus of health control from external to internal. 66 Finally, adopting a social work approach, in which case managers assist women with targeted health information and facilitate linkages to community resources, can mitigate the impact of social class on stress levels. 69 
Limitations
These findings should be viewed in light of the following study limitations. Study variables were restricted to those contained within the Michigan Department of Community Health's birth records data set; as a result, we had no direct measures of internal conditions of stress, perceived racism, or personal empowerment, key constructs moderating the effect of race on health. Additionally, several covariates known to be important predictors of birth outcomes, including mental health, family violence, drug abuse, and homelessness, were also missing from the analysis, although somewhat mitigated by the inclusion of several variables (smoking, sexually transmitted infections, education level, insurance level) known to correlate highly with the unmeasured factors. 37, 70 A direct measure of income was also missing from the analysis; however, we included insurance status as a proxy measure of income. Also, although matching removed the selfselection bias associated with the matched demographic variables, it is possible that HBHS participants may be different in other ways that contribute to their improved birth outcomes.
Although the stratified matched-comparison approach controls for significant preprogram differences between participants and nonparticipants, it does preclude examining the degree to which these factors (adolescence, marital status, insurance status, education, and Hispanic ethnicity) may serve as mechanisms for the postenrollment differences in prenatal care, prenatal weight gain, and birth weight). A final limitation of this study is that by focusing on individuals, we did not account for the impact of the institutional structures and cultural climates that may perpetuate discrimination and racism. 15 
Conclusions
In a community population reflecting the maternal---infant profile of women across the country, our findings confirmed the profound discrepancy in underlying risk factors and resulting infant mortality that currently exists between Black and White women. Using propensity scores to match each HBHS participant with a demographically similar nonparticipant and stratifying the analysis by race, we have shown that HBHS case management is associated with having infants with higher birth weights among Black women, but not among White women. These findings suggest that case management home visitation programs may play a role in reducing racial disparities. j 
